There are two standard methods for the enumeration of total coliforms from drinking water. The multiple tube fermentation (MTF) technique provides a most-probablenumber (MPN) analysis after growth of total coliforms in liquid medium. The membrane filter (MF) technique enumerates total coliforms on the surface of agar by providing a CFU/100 ml count (1) . Both methods require confirmed and completed tests after the initial observation of a positive primary medium. A complete analysis can require an additional 24 to 72 h for a final result. In neither method is an isolate identified to species or are any members of the fecal coliform group differentiated from the total coliform group (9, 10, (14) (15) (16) 21) . Both the MTF and MF techniques have been extensively studied and are approved for regulatory monitoring purposes (3, 10, 11, 15, 18, 19, 21, 23) .
During a biofilm total coliform regrowth problem in the distribution system in New Haven, Connecticut (8) , several inherent properties of the MF and MTF techniques limited the ability of public health officials to make decisions regarding the health risk. Most restricting were the time required to obtain a definitive health-based answer, the inability to differentiate fecal from total coliforms without either the performance of tests specifically for fecal coliform or identification of bacteria, and the subjective nature of interpretation of the analytical methods. (6) . Samples were also collected during periods of flushing. These water samples were not necessarily those used for routine monitoring for regulatory purposes. Sections of two of the utilities had been experiencing total coliform regrowth problems.
Water samples were collected, transported, and stored in strict accordance with the guidelines described by Standard Methods and the U.S. E.P.A. (6, 13) . Either sterile polymethylpentene or glass flasks containing sodium thiosulfate were used to collect the samples.
AC test. The defined substrate method, called Autoanalysis Colilert (AC), was prepared for us as 10-tube MPN tests (Access Medical Systems, Branford, Conn.). The powder formula contained, per liter, the following: (NH2)4SO4, 5 g; Mn(SO4)2, 0.5 ,ug; ZnSO4, 0.5 ,ug; MgSO4, 100 mg; NaCl, 10 g; CaCl2, 50 mg; KH2PO4, 900 mg; Na2HPO4, 6 Third, the two methods were analyzed by regression analysis (2, 12) . All statistics were generated to include and exclude all tubes, positive and negative. For the MTF analysis, the median number of tubes positive per 40 inoculated from a sample was 24, the mean was 23.6, and the standard error was 2.0. For the AC test, the median was 34.5, the mean was 24.8, and the standard error was 2.1.
RESULTS

Comparison of Standard
The number of positive tubes for each of the four MPN rows for each utility is presented in Table 2 . This measure allows an overall comparison between the two methods, and it permits this correspondence, regardless of the variation in an individual analysis.
(ii) Effect of HPC on total coliform recovery. Total HPCs ranged from 3 bacteria per ml to greater than 4,000/ml. Heterotrophic interference occurred in four fermentation test analyses. MTF tubes did not yield a coliform on subculture from these positive tubes. In each of these cases, the HPC was greater than 1,500/ml. HPC suppression of coliform growth resulted in a loss of between 17 and 24 tubes out of a possible 40 per sample ( Table 2 ; also see Fig. 2 ), there was no difference between the two methods by this anaylsis, with a P value of <0.001.
(ii) Chi-square analyses. The two methods were also compared by two chi-square statistics. First, the Pearson chisquare test for the overall proportion of positive tubes was determined. By this analysis, three of the utilities demonstrated that the AC was more sensitive than the Standard Methods MTF (P > 0.05); there was a positive bias, with slightly greater AC sensitivity overall. The Mantel-Haenzel test compared the two methods by determining the difference between the positive tubes for each method and subtracting from it the expected number of positive tubes and analyzing the differences. This statistic yielded the same results as the Pearson test (Table 4) .
(iii) Regression analysis. Data were analyzed in simple and multiple regression formats with the AC MPN being the x variable and Standard Methods MTF being the y variable. The two methods agreed with each other to yield an r value of 0.883 and an r2 value of 0.779 (Fig. 2) . The adjusted r2 value was 0.774, and the standard error was 6.59 (Fig. 2) Performance characteristics. The original performance goals for which the AC was designed were met, and additional benefits became apparent. The collaborators felt that the yellow color produced by the total coliforms and the fluorescence generated by E. coli were distinct, easy to read, and apparent within the time framework of the test (24 h). They also noted that total coliform counts greater than 25/ 100 ml yielded results in 16 to 18 h. Separate MPNs for total coliforms and E. coli were produced simultaneously. All participants affirmed the ease of one-step inoculation and clarity of interpretation of positive test results. They substantiated the autoanalytical nature of the test by verifying the goal that confirmatory tests need not be performed because of the specificity of the ingredients.
Bacteria isolated. Bacteria isolated from each split sample were identified as to species (Table 6 ). Bacteria commonly considered part of the total coliform group were found from both Standard Methods MTF and AC tubes. K. pneumoniae was the most common species isolated, followed by E. cloacae and C. freundii. There were mixed cultures of total coliforms present in both MTF and AC tubes. The higher the bacterial count in the water sample, the greater the number of species found. There did not appear to be a significant difference in the distribution of bacterial species in either method. DISCUSSION The AC test is based on a new technological principle in which an indicator-nutrient is an essential food source for Enterobacter agglomerans 19 16 Enterobacter species 3 7 E. cloacae 10 11 E. aerogenes 1 1 Citrobacter freundii 16 12 Serratia plymuthica S. odorifera 2 3 Hafnia alvei 1 1 Escherichia coli (Edberg and Edberg, in press ). In conventional medium, several secondary reactions must occur before a change in the indicator is visible. The target microbe must transport the substrate (e.g., lactose) through the cell membrane, transform the substrate to glucose, metabolize glucose through the glycolytic cycle to pyruvate, and then convert pyruvate to the desired end product, either acid or gas. Because conventional testing requires the microbe to go through many steps to yield a positive visible endpoint, a number of anomalous results may occur, such as false-negative gas producers (i.e., anaerogenic E. coli) or false-positive tests (i.e., acid from lactose by some clones of Aeromonas hydrophilia). ONPG-positive noncoliforms do not yield a positive AC test, because the formula does not support their metabolism. Therefore, the detection of the ,B-galactosidase system of heterotrophs will occur only at extremely high microbial concentrations (>20 to 100,000/ml). This phenomenon will be seen with approximately 10% of members of the genus Aeromonas.
The specificity of the defined substrate autoanalysis technology eliminates the need to perform confirmatory and completed tests. In conventional methodology, transfers from the original positive tube or plate must be made into BGLB broth for confirmatory testing and a second transfer must be made to solid or liquid medium for a completed test. As substantiated in this national evaluation (Table 6 ), the 24-h AC test is as specific as the multiple day confirmed and completed Standard Methods MTF analysis.
Species identification from positive tubes confirmed the specificity of the AC test. From positive AC tubes, members of the total coliform group were recovered. Therefore, yellow test tubes were only the result of the growth of the target microbe(s). Likewise, E. coli was routinely recovered from tubes that fluoresced.
In addition to specificity, the autoanalysis technology was shown to have equal sensitivity with Standard Methods MTF. Standard Methods MTF testing will enumerate one (.1.1 for a 10-tube test) total coliform per 100 ml (1) . The AC test also demonstrated this level of sensitivity, even in the presence of high concentrations of heterotrophic bacteria. It has been noted that current methods are subject to heterotroph interference above 500 to 1,000 HPC per ml (4 Second, laboratory testing has shown that injured coliforms exhibit a longer lag phase than normal coliforms in the AC test (Edberg and Edberg, in press). It was found that once the injured coliforms repaired themselves and entered log phase they grew as rapidly as normal coliforms. Practically, this meant that the intensity of yellow color produced at 24 h by injured coliforms may be less than that produced by normal coliforms. If kept between 2 and 4 h longer than 1600 EDBERG ET AL.
the 24-h incubation period, the injured coliforms achieved the same color level as normal total coliforms. Therefore, it is recommended that if no color is noted at 24 h, the result should be considered negative; if any yellow color is noted, the result should be considered positive. If the analyst is unsure of color formation, he or she should reincubate the test for an additional 2 to 4 h and examine it for an increase in yellow color. This additional incubation period will also account for the slightly yellow color that some waters may have due to humic material, because these tubes will not increase their color intensity and can be classified negative. Third, although the AC determines the presence of E. coli simultaneously with total coliforms, this should not be considered the same as a fecal coliform test. E. coli makes up approximately 90% or more of fecal coliforms, but other bacteria, notably K. pneumoniae, may also fall into this category if it grows at 44.5°C in E. C. broth with the production of gas (1) (11) .
